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Abstract: Frontal crash is one of the major forms of
accident in the present scenario. It has become very
important to design frontal structures that have sufficient
load taking capacity with appreciable deformation. This
research paper analyzes the front load beam of car to
reduce occupant’s injuries. The present work utilizes the
Finite Element Analysis for the dynamic evaluation and
proposes certain modifications in the existing design for
the car front rail so as to increase the load carrying
capability of the front rail and maintain sufficient survival
space for the occupants at the same time. Impact speed of
48 km/h (AIS-096) under dynamic conditions was used to
evaluate the energy absorption under the dynamic
simulation.
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1. INTRODUCTION

The frontal rails that are present between the front
bumper and the dash toe pan are the structural members
that form an integral part of the energy absorbing area in
the front crumple zone. These front members absorb
great amount of energy during frontal impact and
prevent the impact energy from being transferred to the
passengers or the driver [1].

The maximum amount of impact energy has to be
managed in the crush space available at the front region
of the vehicle. This can be seen in the figure 1.1.
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Figure 1.1 Crush space management

Dadrasi Ali [2] discussed the effect of increasing some
parameters and its impact on specific energy absorption
(SEA) in his paper as given below -

Effect of impact mass: SEA increased
Effect of impact velocity: SEA increased
Effect of thickness: SEA decreased

e Effect of column length: SEA decreased

Salehghaffari et al. [3] stated experimental analysis with
the objective to enhance the crashworthiness
characteristics of metal tubes cylindrical in shape, by
utilizing two new design solutions for their structure.
They showed that the design methods that have been
developed significantly enhanced the crashworthiness
characteristics of the metal tubes that are cylindrical.

Heung-Soo Kim [4] divided the front rail into two parts
i.e. a part that collapses axially and a part that collapses
due to bending load, and the response of each of these
two parts was studied during crush by altering wall
thickness as well as the foam strength of aluminium. It
was found that a significant increment in the absorption
of energy and efficiency in weight was gained by filling
aluminium foam in the front side rail structure.

Oscar et al. [5] evaluated the performance during
crashworthiness of spot-welded columns made out of
advanced high strength steels using Finite Element
Analysis (FEA). They showed that the DP steels exhibit
greater energy absorbing properties than the HSLA steel
for both hat-type configurations.

Hamouda et al. [6] presented a study of the energy
absorption of square tubular structures. Energy
absorbing characteristic of metal and composite square
tubes with different 1/w ratio had been examined
experimentally. They showed in their paper that the
maximum load carrying capacity of the metal tubes and
energy absorption by the metal tubes (mild steel) were
higher than those of the other tubes (Kevlar, glass).

Li et al. [7] introduced the method of light weighting for
body parts of automobile, based on the mechanical
analysis of impact of body parts automobile, using sheet
of high strength steel with less depth to replace the mild
steel sheet being originally used. The simulation results
for impact into a rigid wall by the bumper and front rail
depicted that the deformed shapes as well as the impact
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energy absorption of the parts, before and after the
replacement of the material are close to each other.

Alghamdi [8] reviewed the shapes that the energy
absorbers having the property of collapsibility,
commonly possess and their different deformation
modes. The most common shapes comprise tubes that
are circular and square, frusta, struts, honeycombs, and
sandwich plates. Common deformation modes for
circular tubes include axial crushing, lateral indentation,
lateral flattening, inversion and splitting.

Shivangi et al. [9] studied the effect of introducing a rib
inside the frontal rail upto a definite length and found
that it resulted in better energy absorption and reduced
vehicle intrusion.

In this research paper, Hyper- mesh (Student Version)
has been used as a modelling tool for making the various
modifications in the intrusion beam. LS-Dyna has been
used as an analysis tool. The proposed designs showed
better energy absorption compared to the existing
design.

“Design and analysis of car front rail” by Shivangi et al.
was taken as the base of this research paper. Further
modifications have been made in the design proposed in
the above research paper.

The existing design comprises of section with
dimensions as 63.5 mm x116 mm x 1.4 mm. The length
of the section was 250 mm. Figure 1.2 shows the
dimension of the rectangular section, which is used in
existing vehicles [9].

116 mm

Figure 1.2 Front Rail existing design - dimensions [9]

Figure 1.3 shows the proposed design 1 that consists of
cross ribs. Rib length in the positive x-direction was 165
mm and the thickness of the front rail was changed at a
distance 173 mm from rail front end which was 1.6 mm
and it was up to 78 mm in the positive x-direction. The
thickness of the cross ribs was 1.4 mm [9].

Cross ribs in the front rail

Figure 1.3 Front rail proposed design 1 [9]

2. METHODOLOGY

A 3D specimen model of the same dimension as in
existing design [9] was made on Hyper-mesh software.
Fine mesh with quads and trias and average mesh size 4
mm was used for meshing. The mesh size has been
selected based on the convergence test. The minimum
and maximum size of the elements were 2 mm and 5 mm
respectively. Figure 2.1 shows the convergence graph.
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Figure 2.1 Convergence graph
Table 1 shows the quality criteria used during meshing.

Table 1 Mesh Quality Criteria

Shell Element warpage in
Degrees

<15, Degrees

Minimum Element size for 2 mm
shell Elements

Maximum Element size for 5 mm
shell Elements

Shell Element quad angle >45,<135, Degrees

Shell Element Trias >20, <120, Degrees

Aspect Ratio of the Shell <=5
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Element

Jacobian of the Shell >0.6, =1

Element

Skewness of Shell Element <45, Degrees

Percentage of Trias <=7%

2.1 DESIGN MODIFICATIONS

Proposed design 1 modified has been created from
proposed design 1 [9]. The inner ribs of the front rail
have been moved inside. Ribs are connected at distance
50 mm from the front end of the rail and are connected
with the rails at edges as shown in figure 2.1.1.

Figure 2.1.1 Proposed design 1 modified

In proposed design 2, the rectangular section has been
created by welding a side plate to the C- section. The
thickness of the C- section is 1.55 mm and side plate is
1.63 mm. The length of the rail is 680 mm as shown in
figures 2.1.2 and 2.1.3.

‘

Figure 2.1.2 Proposed design 2 - [sometric view

Figure 2.1.3 Proposed design 2 - Front region of the
front rail

In proposed design 3, two 1.2 mm thick plates were
added inside the front rail as shown in figure 2.1.4 and
figure 2.1.5.

Figure 2.1.5 Proposed design 2 - Front region of the
front rail

Figure 2.1.6 shows the dimensions of the plate that has
been used in the proposed design 3 of the front rail.

i

60 mm

110 mm

Figure 2.1.6 Dimension of plates in front rail
3. RESULTS AND DISCUSSIONS

The virtual simulations were performed using LS-Dyna
explicit code. The simulations were based on the
dynamic impact condition at 48kmph initial velocity for
analysis. It is evident from figure that the rail is crushed
up to 20 ms and after that bending starts. In existing
design, the rail is crushing at the front end and in the
proposed design 1 the crush is shifted between the soft
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and rigid zone. The effect of this is that the rails is PROPOSED DESIGN2
undergoing crushing and bending.

Figure 3.1, 3.2. 3.3, 3.4 and 3.5 shows the crushing and
bending phenomenon in the front rails in existing design,
proposed design 1, proposed design 1 modified,
proposed design 2 and proposed design 3 respectively at
40 ms after the impact.

Figure 3.4 Proposed design 2

PROPOSED DESIGN3

Z
\'ZLX

Figure 3.1 Existing design

PROPOSED DESIGN1

Figure 3.5 Proposed design 3
Figure 3.6 shows the energy absorption graph of existing
design, proposed design 1, proposed design 1 modified,

proposed design 2 and proposed design 3. It can be
clearly seen that there is approximately 45% more
z energy absorption in proposed design 3 compared to the

- existing design.

Figure 3.2 Proposed design 1
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Figure 3.6 Combined graph of energy absorption

tr_..x Figure 3.7 shows the vehicle intrusion of existing design,
proposed design 1, proposed design 1 modified,
Figure 3.3 Proposed design 1 modified proposed design 2 and proposed design 3. It can be
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clearly seen that there is approximately 10% reduction
in vehicle intrusion in proposed design 3 compared to
existing design.

VEHICLE INTRUSION
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Figure 3.7 Combined graph of vehicle intrusion
4. CONCLUSION

The proposed designs as well as existing design were
studied using LS-Dyna explicit code and the energy
absorption was studied during their deformation under
full frontal impact. The proposed designs significantly
improved the energy absorption of the front rail. The
results show that the strength and energy absorption
ability of front rail depends upon the cross-section and
material properties of the rails. Present study is useful
for the automotive engineers to optimize the weight and
materials of the front rails to absorb more energy during
impact to improve passenger safety.
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